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,QWURGXFWLRQ
$KROLVWLFOHDUQLQJFXOWXUHLQPRGHUQOHDUQLQJHQYLURQPHQWV
VXFKDVOHDUQLQJIDFWRULHVSURYLGHWKHSRWHQWLDOWRGHYHORSNH\
FRPSHWHQFLHV DQG WKH FDSDFLW\ IRU FULWLFDO UHIOHFWLRQ >@
/HDUQLQJ IDFWRULHV SURYLGH D UHDOLVWLF YLUWXDO DQGRU SK\VLFDO
PRGHO RI D IDFWRU\ WKDW FDQ EH FRPELQHG WKLV ZLWK VHOHFWHG
PHWKRGVRIWHDFKLQJWRDQDFWLRQRULHQWHGWHDFKLQJDQGOHDUQLQJ
HQYLURQPHQW>@6SHFLILFNQRZOHGJHVNLOOVDQGDELOLWLHV
FDQ EH WUDLQHG E\ OHDUQLQJ IDFWRULHV ZKLFK DUH QHHGHG IRU
SHUIRUPLQJ ZHOO LQ MREV VR FDOOHG NH\ FRPSHWHQFLHV >@ $
PHWKRGZKLFKVXSSRUWVDGHHSXQGHUVWDQGLQJRIUHODWLRQVKLSV
DQGFORVHVWKHWKHRU\SUDFWLFHJDSLVFULWLFDOUHIOHFWLRQ>@,WLV
GHILQHG DV ³D FRQVFLRXV DQG V\VWHPDWLF DSSURDFK WR WKLQNLQJ
DERXW H[SHULHQFHV ZLWK WKH DLP RI OHDUQLQJ DQG FKDQJLQJ
EHKDYLRUV´>@+HQFHHQDEOLQJLQIRUPDOOHDUQLQJWKURXJKWULDO
DFWLRQ ,QIRUPDO OHDUQLQJ PHDQV WKDW WKH OHDUQLQJ SURFHVV LV
OHDUQHUGULYHQDQGVHOIUHJXODWHGE\WKHOHDUQHU>@DQGWKDWLWLV
LQGHSHQGHQW IURP WUDLQLQJV DQG GHYHORSPHQW RUJDQL]HG E\
RUJDQL]DWLRQV >@ ,Q WKH FRQWH[W RI WKH OHDUQLQJ IDFWRU\ WKH
OHDUQHUOHDUQVIURPKLPVHOIKHUVHOIWKURXJKOHDUQLQJE\GRLQJ
,QDGGLWLRQWRWKHWUDQVIHURINQRZOHGJHOHDUQLQJIDFWRULHVDUH
LQ SDUWLFXODU VXLWDEOH IRU WKH DFTXLVLWLRQ RI YRFDWLRQDO
NQRZOHGJHDQGVNLOOV,QIDFWWKLVOHDUQLQJIDFWRULHVZLOOFKDQJH
WKH OHDUQLQJ FXOWXUH 7KDW PHDQV D FKDQJH LQ YDOXHV DQG
H[SHFWDWLRQV FRQFHUQLQJ WKH UHOHYDQFH RI OHDUQLQJ LQ
RUJDQL]DWLRQV ,W FRXOG EH PDQLIHVW LQ RUJDQL]DWLRQDO
LQIUDVWUXFWXUH DV ZHOO DV LQ EHKDYLRU DQG EHOLHIV RI WKH
HPSOR\HHV>@7KHDGGHGYDOXHRIDWUXO\VHOILQLWLDWHGOHDUQLQJ
SURFHVVDVGHVFULEHGE\>@LVEHFRPLQJDQLQWHJUDOSDUW
RIWKHFXUUHQWOHDUQLQJFXOWXUH>@7RDOORZWKHOHDUQHU
WR LQGHSHQGHQWO\ DFTXLUH NQRZOHGJH DQG VNLOOV LQ D OHDUQLQJ
IDFWRU\ DQ LQWHOOLJHQW OHDUQLQJ PDQDJHPHQW V\VWHP DQG
H[WHQVLYH IHHGEDFN LQIRUPDWLRQ WR WKH OHDUQHU DUH QHHGHG
,QWHOOLJHQWOHDUQLQJPDQDJHPHQWV\VWHPVLPSOLHVDFRPSXWHU
GLUHFWHG V\VWHP WKDW LV DEOH WR HYDOXDWH LQGLYLGXDO OHDUQLQJ
SURFHVVHV WR DOORZ VHPLDXWRPDWHG FRQWUROOHG OHDUQLQJ
SURFHVVHV 7KXV WKH FRPSXWHU V\VWHP DGDSWV WKH LQGLYLGXDO
OHDUQLQJ VSHHG RI WKH OHDUQHU )RU WKLV SXUSRVH WKH OHDUQLQJ
IDFWRU\ PXVW EH HTXLSSHG ZLWK DSSURSULDWH VHQVRUV DQG
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DFWXDWRUV([LVWLQJ FRQFHSWV DQG LPSOHPHQWDWLRQVRI OHDUQLQJ
IDFWRULHVKDYHKHUHLQGHILFLWV7RFORVHWKHJDSEHWZHHQOHDUQLQJ
IDFWRU\WUDLQLQJDQGRSHUDWLRQDOSUDFWLFHWKHDXWKRUVLQWURGXFH
WKHFRQFHSWRIDQLQWHOOLJHQWOHDUQLQJPDQDJHPHQWE\PHDQVRI
D PXOWLVHQVRU\ OHDUQLQJ IDFWRU\ HQYLURQPHQW $ FHQWUDO
REMHFWLYH RI WKH SUHVHQWHG DSSURDFK LV WR SXUVXH WKH QHZ
LQWHUDFWLYH NQRZOHGJH WUDQVIHU WKURXJK WKH PXOWLVHQVRU\
DSSURDFK RI WKH OHDUQLQJ IDFWRU\ FRPELQHG ZLWK LQQRYDWLYH
IHHGEDFNSURFHVVHV7KHPXOWLVHQVRU\DSSURDFKLVDLPLQJDWD
OHDUQLQJSURFHVVZLWKDOOKXPDQVHQVHV
6HQVRU\SHUFHSWLRQLQOHDUQLQJV\VWHPV
/HDUQLQJ IDFWRULHV FDQQRZEHFRQVLGHUHGDV D UHFRJQL]HG
PHWKRG RI DSSURSULDWLRQ LQ SURGXFWLRQUHODWHG VNLOOV DQG
FRQWHQW >@ 7KH YDVW PDMRULW\ RI OHDUQLQJ IDFWRULHV
LQYHVWLJDWHGE\0LFKHXDQG.OHLQGLHQVWDUHUHSUHVHQWDWLRQVRI
DUHDOLVWLFIDFWRU\H[LVWLQJLQWKHIRUPRIUHDODVVHWV>@2QO\
LQDIHZFDVHVVLPXODWLRQVDUHXVHGIRULPDJLQJRILQGLYLGXDO
SURGXFWLRQSURFHVVHVRUHTXLSPHQWFRPSOHPHQW7KHH[LVWLQJ
OHDUQLQJIDFWRULHVWKXVDSSHDOSDUWLFXODUO\DXGLRYLVXDOVHQVRU\
FKDQQHOVDWDKLJKOHYHORIDEVWUDFWLRQ)URPWKHVWDQGSRLQWRI
SV\FKRORJ\ ZH NQRZ KRZHYHU WKDW OHDUQLQJ ZLWK DOO VHQVHV
OHDGVWRIDVWHUDQGPRUHVXVWDLQDEOHOHDUQLQJRXWFRPHV>@
+HUHWKHOHDUQLQJSURFHVVVKRXOGQRWRQO\EHUHJDUGHGDVD
RQHVLGHGPHQWDOVWLPXODWLRQZLWKDQLPSDFWRQWKHDFWLRQVDQG
EHKDYLRU EXW DV DQ LQWHUDFWLRQ EHWZHHQ ERG\ DQGPLQG7KH
FRQFHSWRI³HPERGLPHQW´VXSSRUWVWKHYLHZWKDWDFWLYHOHDUQLQJ
WKURXJKYDULRXVSRVWXUHVKDVDQLPSDFWRQWKHSHUFHSWLRQRUWKH
MXGJPHQWVDQGIHHOLQJVDQGKHQFHKDVDSRVLWLYHHIIHFWRQWKH
OHDUQLQJVXFFHVV>@
&RQFHUQLQJWKHGLGDFWLFRULHQWDWLRQGLIIHUHQWSULRULWLHVFDQ
EH REVHUYHG IURP ZKLFK SDUWLFXODU DSSURDFKHV VXFK DV
SUREOHPEDVHGOHDUQLQJ>@DFWLRQRULHQWHGOHDUQLQJ>@DQG
H[SHULHQFHEDVHGOHDUQLQJ>@VWDQGRXW$OWKRXJKWKHH[LVWLQJ
OLWHUDWXUH VSRUDGLFDOO\ PHQWLRQV UROH SOD\LQJ DQG VLPXODWLRQ
JDPHVDVDVXSSOHPHQWWROHDUQLQJIDFWRULHV>@WKHUHDUHVR
IDU QR FRQFHSWV RU SUDFWLFHV WKDW EDVH OHDUQLQJ IDFWRULHV
FRQVLVWHQWO\RQWKHPHWKRGVRIDJDPHEDVHGOHDUQLQJFRQFHSW
$QLQLWLDOSURSRVDOIRUDFRPSHWHQFHRULHQWHGFXUULFXOXPDVD
WHDFKLQJPRGHOIRUGHVFULELQJDOHDUQLQJIDFWRU\LVSURSRVHGE\
$EHOHWDO >@'XH WR WKH ODFNRIVWXG\GDWDKRZHYHU LW LV
FXUUHQWO\ LPSRVVLEOH WR PDNH DQ\ UHOLDEOH VWDWHPHQWV DERXW
EHQHILFLDODSSURDFKHVDQGWKHLUJRDOV
0XOWLVHQVRU\IHHGEDFNDVPHDQVIRUDQDGDSWLYH
OHDUQLQJPDQDJHPHQW
7KH OHDUQLQJ IDFWRU\ DW WKH 7HFKQLVFKH 8QLYHUVLWlW
%UDXQVFKZHLJ LV SDUW RI D FRPSUHKHQVLYH FRQFHSW XQGHU WKH
QDPH'LH/HUQIDEULNVHHZZZ'LH/HUQIDEULNGH$SDUWRI
WKLV LV WKH VRFDOOHG H[SHULHQFH ODE  D SK\VLFDOO\ VFDOHG
PRGHO RI D UHDO IDFWRU\ SURFHVV FKDLQ UHDOL]HG E\ VRFDOOHG
PRGXODUSURGXFWLRQV\VWHPV7KHPRGHOVFDOHGV\VWHPPDNHV
LWSRVVLEOHWRUHSOLFDWHV\VWHPG\QDPLFHIIHFWVRIWKHUHDOVL]HG
V\VWHPZLWKRXWMHRSDUGL]LQJWKHOHDUQHUIRUH[DPSOHE\KLJK
IRUFHV RU KLJK YROWDJHV >@ &XUUHQWO\ RQO\ VLPSOH
PRQLWRULQJDQGFRQWUROFDSDELOLWLHVRIWKHV\VWHPDUHDYDLODEOH
ZKLFKDUHDEDVLVIRUDV\VWHPDWLFGHYHORSPHQW


)LJ)RXUH[HPSODU\PRGXOHVRIWKHH[SHULHQFHODESURFHVVFKDLQVHWXS
/LNHZLVHDQLQYROYHPHQWRQWKHVLWHRIH[LVWLQJUHQHZDEOH
HQHUJ\VRXUFHVLVSRVVLEOHIRUH[DPSOHWRWDNHLQWRDFFRXQWWKH
YRODWLOHDYDLODELOLW\RIDOWHUQDWLYHHQHUJ\VRXUFHVLQUHDOVFDOH
6HPLILQLVKHG SURGXFWV FDQ EH JHQHUDWHG E\ IXVH GHSRVLWLRQ
PRGHOOLQJ G SULQWLQJ DQG ILQDO SURGXFWV FDQ EH UHF\FOHG
HYHQWXDOO\ WR FUHDWH QHZ ILODPHQW IRU G SULQWLQJ ZLWK
VHFRQGDU\ PDWHULDOV 7KH XWLOL]HG PHDQV IRU YDOXH VWUHDP
DQDO\VLVDQGDVVHVVPHQWDUHLQWKHFXUUHQWOHDUQLQJIDFWRU\DV
ZHOO DV LQ LQGXVWULDO WUDLQLQJ VLWHV PRVWO\ OLPLWHG WR SXUHO\
YLVXDO VHQVLQJ HJ UHDGLQJ RI PHWURORJ\ DQG PHWULFV
GDVKERDUGV
+HQFHRQO\DVPDOOIUDFWLRQRIWKHUHOHYDQWWKHPDWLFFRQWHQW
FDQ EH GLVSOD\HG DQG RQO\ D VPDOO SDUW RI WKH KXPDQ VHQVH
FKDQQHOVLVXWLOL]HGSURSHUO\$FHQWUDOREMHFWLYHRIWKHUHVHDUFK
ZRUNLVWKHUHIRUHWRSXUVXHQHZLQWHUDFWLYHNQRZOHGJHWUDQVIHU
WKURXJK WKH PXOWLVHQVRU\ DSSURDFK LQ WKH OHDUQLQJ IDFWRU\
FRPELQHGZLWKLQQRYDWLYHIHHGEDFNSURFHVVHV
3.1. Sonification and human sense utilization for machine 
condition monitoring 
7KHPXOWLVHQVRU\DSSURDFKRIWKHUHVHDUFKSURMHFWDGGUHVVHV
OHDUQLQJZLWKDOOKXPDQVHQVHVWKURXJKWKHXVHRIVHQVRUVDQG
DFWXDWRUVZLWKLQPDFKLQHV$WWKLVWKHDXWKRUVZHUHLQVSLUHGE\
WKHLGHDRIWKHVRQLILFDWLRQSURFHVVPRQLWRULQJLQWURGXFHGE\
+LOGHEUDQGW HW DO >@ DQG E\ WKH IXOO XWLOL]DWLRQ RI KXPDQ
VHQVHV IRU PHGLFDO GLDJQRVWLFV ZKHUH WKH SDWLHQW¶V SK\VLFDO
KHDOWK VWDWH ZDV WHVWHG E\ XVLQJ DV PDQ\ KXPDQ VHQVHV DV
SRVVLEOH7KH,33$)VFKHPHGHVFULEHVWKHYLVXDOLQVSHFWLRQ,
WKH SDOSDWH LQVSHFWLRQ 3 WKH SHUFXVVLRQ LQVSHFWLRQ 3 WKH
DXVFXOWDWLRQ LQVSHFWLRQ $ DQG WKH IXQFWLRQDO WHVW ) 7KH
KROLVWLFXVHRIKXPDQVHQVHV IRUFRQGLWLRQGLDJQRVLV LV WREH
WUDQVIHUUHG WR WKH SURGXFWLRQ GRPDLQ IRU SURGXFWV DQG
PDFKLQHV $Q H[DPSOH ZKHUH WKLV LQVSHFWLRQ VFKHPH ZDV
DOUHDG\ DSSOLHG WR PDFKLQHV ZDV IRU LQWHUQDO FRPEXVWLRQ
HQJLQHV IRU VKLSV RU FDUV XQWLO WKH ODWH HLJKWLHV ZKHQ WKH
GLVWULEXWRU DQG FDUEXUHWRU ZKHUH SXUHO\ PHFKDQLFDOO\
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FRQWUROOHG DQG GULYHQ FRPSRQHQWV 7KH PHFKDQLF RU WKH
H[SHULHQFHGRZQHURIWKHFDUFRXOGKHDUIHHODQGVLPSO\VHQVH
KRZZHOO WKH HQJLQHZDV UXQQLQJ DQGZDV DEOH WR HYDOXDWHG
FKDQJHV GRQH WR WKHPHFKDQLFDO FRQWURO V\VWHPE\ WKH VDPH
VHQVHV )RU H[DPSOH E\ OLVWHQLQJ IRU GLVKDUPRQLHV LQ WKH
HQJLQHVWURNHVWKHH[SHUWGLUHFWO\JRWDZDUHRIKLVQHHGWRDFW
%\ VOLJKWO\ DGMXVWLQJ FRQWURO SDUDPHWHUV HJ WKH GLVWULEXWRU
DQJOHWKHKDUPRQ\FRXOGEHUHDGMXVWHGDQGWKHV\VWHPEHFDPH
VWDEOH DJDLQ 7KLV LGHD LV WR EH WUDQVIRUPHG WR PRGHUQ
SURGXFWLRQPDFKLQHHJE\6RQLILFDWLRQ
,QQRYDWLYHIHHGEDFNPHFKDQLVPVDVVKRZQLQ)LJDUH WR
EHXVHGWRPDNHFRPSOH[UHODWLRQVKLSVPRUHDFFHVVLEOHWRWKH
OHDUQHU7KLVDSSURDFKJRHVEH\RQGWKHRIWHQXWLOL]HGDEVWUDFW
YLVXDODQGDXGLRIHHGEDFNVXFKDVWKHFRQYHQWLRQDOGLVSOD\RI
SHUIRUPDQFH LQGLFDWRUVRQFRPSXWHUPRQLWRUVRUHPLVVLRQRI
EHHS QRLVHV 6RQLILFDWLRQ DV DQ LPPHGLDWHO\ SHUFHSWLEOH
DSSURDFKZKLFKLVH[SORUHGE\LQFOXGLQJVRXQGVDQGIDPLOLDU
DFRXVWLF HPLVVLRQV DV IHHGEDFN RQ WKH VWDWH RIPDFKLQH WRRO
KHDOWK
3.2. Products with intelligent feedback mechanisms 
$W WKLVSRLQWRIYLHZ WKH UHVHDUFKZRUNDOVR LQFOXGHV WKH
GHYHORSPHQWRIDQ LQWHOOLJHQWSURGXFW DVDVXEVWLWXWH IRU WKH
FXUUHQWO\IRXQGVLPSOHSURGXFWVLQPRVWOHDUQLQJIDFWRULHV7KH
SURGXFWLVLQWHQGHGWRJDWKHULQIRUPDWLRQDERXWLWVLQGLYLGXDO
SURGXFWLRQSURFHVVDQGPDNHLWDFFHVVLEOHIRUWKHOHDUQHUIRUD
VWUDLJKWIRUZDUG DQDO\VLV 7KLV LQFOXGHV DVSHFWV VXFK DV
SURGXFWLRQ TXDOLW\ WKH VSHFLILF HQHUJ\ LQSXW DV ZHOO DV WKH
VSHFLILF OHDG WLPH )RU WKLV WKH H[LVWLQJ VLPSOH SURGXFWV DUH
HQKDQFHG ZLWK DSSURSULDWH LQIRUPDWLRQ DQG FRPPXQLFDWLRQ
WHFKQRORJ\DQGPHPRU\IXQFWLRQV
%\FORVLQJWKHORRSRIWKHSK\VLFDOV\VWHPH[WUDFWLQJVWDWH
LQIRUPDWLRQ DQG IHHGLQJ LW LQWR WKH YLUWXDO LPDJH RI WKH
HQYLURQPHQW WR LQWHUSUHW WKH DSSOLHG FKDQJHV LQ RUGHU WR
JHQHUDWH FRQWURO SDUDPHWHUV WR PDQLSXODWH WKH OHDUQLQJ
HQYLURQPHQWDF\EHUSK\VLFDOV\VWHPLVFUHDWHGDVGHVFULEHG
E\WKHWHUPIndustry 4.0. Industry 4.0 LVWKHUHIRUHXWLOL]HGDVD
PHDQVIRUPRUHHIIHFWLYHOHDUQLQJ
3.3. Benefits to the learning experience 
7KH PXOWLVHQVRU\ DSSURDFK FRPELQHG ZLWK LQQRYDWLYH
IHHGEDFNSURFHVVHVDUHWRSHUPDQHQWO\LQFUHDVHWKHPRWLYDWLRQ
DQGVDWLVIDFWLRQRIWKHOHDUQHU,QDGGLWLRQWKHLQGHSHQGHQWDQG
DXWRQRPRXV FDSDFLW\ LV HQKDQFHGE\ H[SHULHQWLDO NQRZOHGJH
WKURXJKSHUIRUPHGDFWLRQVDQGVHOIRUJDQL]DWLRQRIWKHOHDUQHU
>@ 7KLV LV FDOOHG H[SHULHQFHOHDG PRWRUPDQXDO OHDUQLQJ
>@ZLWKUHIOHFWLRQ WKURXJKIHHGEDFNZKLFK LVEHLQJSXWRXW
GLUHFWO\ IURP WKH OHDUQLQJ IDFWRU\ VHWXS LQ IRUP RI PXOWL
VHQVRU\ IHHGEDFN 7KHVH DFTXLUHG FDSDELOLWLHV DOORZ WKH
OHDUQHUV WRRUJDQL]H WKHPVHOYHVDQGFRSHZLWKRSHQSUREOHP
VLWXDWLRQV>@
3.4. Gamification as an instrument for learning management 
7KHH[SDQVLRQRIWKHH[LVWLQJGLGDFWLFFRQFHSWVLQOHDUQLQJ
IDFWRULHVLVH[WHQGHGWRDSSURDFKHVRIJDPHEDVHGOHDUQLQJE\
PHDQV RI D VLPXODWLRQ JDPH 7KH SK\VLFDO DQG WKH YLUWXDO
IDFWRU\ PRGHO DUH FUHDWHG DQG VXSSOHPHQWHG E\ DGGLWLRQDO
SDUDPHWHUVWRLQFRUSRUDWHHFRQRPLFDQGVRFLDODVSHFWV>@
&XUUHQWO\ WKH H[SHULPHQWDO IDFWRU\ RI WKH 7HFKQLVFKH
8QLYHUVLWlW %UDXQVFKZHLJ VSHFLDOL]HV LQ SURGXFWLRQ DQG
V\VWHPVHQJLQHHULQJDQG LV LQFOXGHG LQ WKHFXUULFXOXPRI WKH
OHFWXUHV Energy Efficiency in Production Engineering DQG
Sustainable Cyber Physical Production Systems 7KHUH WKH
VWXGHQWV OHDUQWRGHWHFWHQHUJHWLF LQWHUGHSHQGHQFLHV LQ OLQNHG
SURGXFWLRQ V\VWHPV DQG WR DQDO\]H DQG LGHQWLI\ SRWHQWLDO
LPSURYHPHQWPHDVXUHV7KH\RXJKWWRLPSOHPHQWDQGHYDOXDWH
PRVW SURPLVLQJ WHFKQLFDO DQG RUJDQL]DWLRQDO LPSURYHPHQW
PHDVXUHV +RZHYHU VR IDU QR HYDOXDWLRQ VWXGLHV KDYH EHHQ
FDUULHGRXWIRUH[DPSOHFRPSDULVRQRIWKHH[DPVFRUHVEHIRUH
DQGDIWHUWKHXVHRIWKHOHDUQLQJIDFWRU\+RZHYHUWKHVWXGHQW
VXSHUYLVLRQ LV WLPHFRQVXPLQJDQGUHTXLUHVDFRPSUHKHQVLYH
SUHSDUDWLRQRIFXUUHQWOHDUQLQJIDFWRU\V\VWHPVHWXSVLQRUGHU
WR FRPSHQVDWH H[LVWLQJ GHILFLWV RU OHDUQLQJ SURJUHVVHV RI
LQGLYLGXDO VWXGHQWV5HDVRQV IRU WKHVHH[LVWLQJGLIIHUHQFHV LQ
OHDUQLQJ SURJUHVVHV ZLWKLQ OHDUQHUV¶ JURXSV DUH EDVHG RQ
DJHH[SHULHQFHGLIIHUHQFHVGLIIHUHQWHGXFDWLRQDOEDFNJURXQGV
ODQJXDJHVNLOOVDQGRWKHUV7KHVHLQIOXHQFLQJIDFWRUVDUHWREH
FRPSHQVDWHGE\DQLQWHOOLJHQWOHDUQLQJIDFWRU\WRHQVXUHDWUXO\
KDUPRQLFOHDUQLQJH[SHULHQFHIRUWKHZKROHOHDUQHUVJURXS
7RHYDOXDWH VXFFHVV IDFWRUV WKHHYDOXDWLRQFRQFHSWRI WKH
OHDUQLQJPRGHO IDFWRU\SURYLGHV LQD ILUVW VWHS WRFDUU\RXW D
OHDUQLQJ OHYHOPHDVXUHPHQW DW WKH EHJLQQLQJ RI WKH OHDUQLQJ
SURFHVVLQRUGHUWRDVVHVVWKHJURZWKRINQRZOHGJHDWWKHHQG
LQWKHIRUPRIDNQRZOHGJHWHVWRULQDXQLYHUVLW\FRQWH[WDQ
H[DP 7KLV SURFHVV LV FRPSOHPHQWHG RQ WKH RWKHU ZLWK D
FRPSDULVRQ RI WKH OHDUQLQJ RXWFRPHV RI FRQWURO DQG
H[SHULPHQWDO JURXSV $V D VXLWDEOH FRQWURO JURXS VWXGHQWV
FRXOG EH XVHG ZKR OHDUQHG ZLWK WKH FRQYHQWLRQDO OHDUQLQJ
IDFWRU\VHWXSDQGVWXGHQWVZKRDWWHQGHGRQO\DFODVVLFOHFWXUH
ZKHUHWKHSURIHVVRUWHDFKHVWKHOHDUQLQJFRQWHQWE\WKHKHOSRI
DEODFNERDUGLQFODVVURRPV
&RQFHSWRIWKHLQWHOOLJHQWOHDUQLQJIDFWRU\
7KH DLP LV DV SDUW RI WKH OHDUQLQJ IDFWRU\ HIILFLHQWO\ DQG
FRJQLWLYHO\ GLYHUVH DOLJQ OHDUQLQJ DQG FRPSOHPHQWLQJXVHIXO
ZLWK D GLGDFWLF DSSURDFK %DVHG RQ WKH WUDLQLQJ IDFWRU\ LQ
H[LVWHQFHRQWKH,0)LQWHOOLJHQWWHDFKLQJOHDUQLQJHQYLURQPHQW
XVLQJWKHH[DPSOHRIWKHWRSLFHQHUJ\DQGUHVRXUFHHIILFLHQF\
ZLOO EH GHVLJQHG ZKLFK FDQ EH XVHG LQGHSHQGHQWO\ E\ WKH
OHDUQHUDQGWKRVHVXSSRUWHGRQWKHEDVLVRIIHHGEDFNPHWKRGV
IRU DGDSWLYH OHDUQLQJ FRQWURO LQWHUDFWLYHO\ LQ KLV LQGLYLGXDO
OHDUQLQJ SURFHVV ,WHUDWLYH WKH RSHUDWLRQ RI WKLV PRGLILHG
0RGHO )DFWRU\ LV VFLHQWLILFDOO\ HYDOXDWHG 6WDUWLQJ IURP WKH
RYHUDOO FRQFHSW RI WKH intelligent learning factory VHH
)LJWKHIROORZLQJGHYHORSPHQWREMHFWLYHVDUHGHVFULEHGLQ
GHWDLOLQWKHIROORZLQJVHFWLRQV
• (QHUJ\DQGUHVRXUFHHIILFLHQF\
• ,QWHOOLJHQWSURGXFW
• )HHGEDFNPHFKDQLVP
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• /HDUQLQJVXFFHVVPHDVXUHPHQWDQGFRQWURO
• /HDUQLQJPDQDJHPHQWV\VWHP
4.1. Energy and resource efficiency 
7KH intelligent learning factory WR EH GHYHORSHG DLPV
WKHPDWLFDOO\RQWKHLVVXHRIHQHUJ\DQGUHVRXUFHHIILFLHQF\LQ
SURGXFWLRQDQGWKXVDGGUHVVHVDNQRZOHGJHDQGWHFKQRORJ\
LQWHQVLYH LQGXVWU\ WKDW UHTXLUHV LQ SDUWLFXODU D KLJKO\
LQWHUGLVFLSOLQDU\DQGSURFHVVUHODWHGNQRZOHGJH7KHREMHFWLYH
LVWRH[WHQGWKHH[LVWLQJOHDUQLQJIDFWRU\VHWXSVKRZQLQ)LJ
WRLQFRUSRUDWHWKHDVSHFWVRIHQHUJ\DQGUHVRXUFHHIILFLHQF\DV
ZHOODVLQKRPRJHQHRXVOHDUQLQJJURXSFRPSRVLWLRQV)RUWKLV
WKH PHWKRGV DQG FRQFHSWV RI HQHUJ\ WKH UHVRXUFH HIILFLHQW
SURGXFWLRQDUHWUDQVIHUUHGLQWRWKHFXUULFXOXPRIWKHOHDUQLQJ
IDFWRU\DQGLPSOHPHQWHGLQERWKWKHSK\VLFDOIDFWRU\VHWXSDQG
WKH YLUWXDO IDFWRU\ PRGHO ,Q FRQMXQFWLRQ ZLWK WKH WHFKQLFDO
GHYHORSPHQWRIWKHOHDUQLQJIDFWRU\LWZLOOEHHQVXUHGWKDWWKH
PHWKRGVWREHH[HUFLVHGERWKRQSURFHVVOHYHODQGRQRYHUDOO
IDFWRU\OHYHOZLOOOHDGWRUHDOLVWLFFDXVHHIIHFWSKHQRPHQRQ


)LJ([WHQVLRQRIWKHKXPDQVHQVHVIRUSURGXFWDQGSURFHVVDQDO\VLV
7KLV LV WKH RQO\ ZD\ WKH WUDQVIHUDELOLW\ RI WKH DFTXLUHG
NQRZOHGJHIURPWKHPRGHOIDFWRU\WRWKHUHDOIDFWRU\LQGDLO\
ZRUN XVH FDVHV FDQ EH UHDOL]HG 7KH GHYHORSPHQW ZRUN KDV
KHQFH LQWHUIDFHV WR WKH GHYHORSPHQW RI WKH SK\VLFDO
FRPSRQHQWV RI WKH LQWHOOLJHQW OHDUQLQJ IDFWRU\ WKH YLUWXDO
VLPXODWLRQPRGHODVZHOODVWKHDGDSWLYHOHDUQLQJPDQDJHPHQW
V\VWHP
4.2. Intelligent product 
,Q PRGHUQ SURGXFWLRQ V\VWHPV WKH FULWLFDO SURFHVV DQG
SURGXFW FKDUDFWHULVWLFV LQ UHJDUG WR HQHUJ\ DQG UHVRXUFH
HIILFLHQF\DUHIRUKXPDQVRQO\LQGLUHFWO\SHUFHSWLEOH(QHUJ\
IORZVZLWKLQPDQXIDFWXULQJ SURFHVVHV DQGPDFKLQHV DUH QRW
VLPSO\ DFFHVVLEOH IURP WKH RXWVLGH SHUVSHFWLYH DQG KHQFH
SURYLGHQRGLUHFWLQIRUPDWLRQWRHOLFLWWKHQHHGIRUDFWLRQDQG
LPSURYHPHQW:LWKLQ WKLV UHVHDUFKZRUN WKH DXWKRUV DLP WR
GHYHORSDQLQWHOOLJHQWSURGXFWWKDWSURYLGHVWKHOHDUQHUVSOHQW\
RI XVHIXO LQIRUPDWLRQ DERXW WKH SURGXFWLRQ SURFHVVHV ZKLOH
SDVVLQJ WKURXJK WKH SURFHVV FKDLQ 0RVW LPSRUWDQW
SHUIRUPDQFHLQGLFDWRUVDUHVSHFLILFHQHUJ\GHPDQGLQGLYLGXDO
F\FOHWLPHVDQGTXDOLW\RIWKHSHUIRUPHGRSHUDWLRQ
4.3. Feedback mechanism 
$QHIILFLHQWOHDUQLQJSURFHVVUHTXLUHVVXLWDEOHPHWKRGVIRU
DGDSWLYH FRQWURO RI WKH OHDUQLQJ SURFHVV ,Q SDUWLFXODU WKLV
LQFOXGHV WKH IHHGEDFN WR WKH OHDUQHU$V SDUW RI WKLV FRQFHSW
VKRXOGEH LQQRYDWLYHFRQFHSWVGHVLJQHG WRDSSHDO WR OHDUQHUV
KROLVWLFDOO\ )RU WKLV SXUSRVH VWUHVV VHQVRUV XVHU LQSXW
HYDOXDWLRQV DQG SRVLWLRQ WUDFNLQJ RI WKH OHDUQHUV ZLWKLQ WKH
OHDUQLQJ HQYLURQPHQW DUH WR EH XVHG WR WUDFN WKH OHDUQHUV¶
LQGLYLGXDO PRWLYDWLRQ SURJUHVV DQG DELOLW\ WR EH IXUWKHU
FKDOOHQJHV E\ DGGLWLRQDO H[WUDRUGLQDU\ WDVNV $OVR WHDP DQG
UROHVSHFLILF SHUIRUPDQFH DQG G\QDPLFV DUH SODQQHG WR EH
WUDFNHGDQGHYDOXDWHGWRFUHDWHDEHWWHUOHDUQLQJHQYLURQPHQW
4.4. Learning success measurement and control 
7KHVXFFHVVRIDOHDUQLQJIDFWRU\LVPHDVXUHGSULPDULO\RQ
OHDUQLQJVXFFHVVRIWKHLUXVHUV3DUWLFXODUO\WKHGHYHORSPHQWRI
FRPSHWHQFHVIURPWKHOHDUQHU7KLVLQFOXGHVVHOIFRPSHWHQFH
ZKLFK KHOSV WR GHYHORS QHZ JRDOV DQG WR DFW FUHDWLYH
SURIHVVLRQDODQGPHWKRGLFDOFRPSHWHQFHVZKLFKKHOSWROHDUQ
QHZWKLQJVDQGPHWKRGVDVZHOODVVRFLDOFRPSHWHQFHZKLFK
DOORZV WKH FRPPXQLFDWLRQ RI OHDUQLQJ JDSV DQG DFWLYH
UHIOHFWLRQV LQ FRQWUDVW WR RWKHU OHDUQHUV 7KHUHIRUH LW LV
LPSRUWDQWWRHYDOXDWHWKHSURFHVVDQGUHVXOWV>@$FFRUGLQJWR
.LUNSDWULFN WKHUH DUH IRXU OHYHOV RI VXFFHVV FRQWURO QDPHG
OHDUQLQJ VXFFHVV VDWLVIDFWLRQ VXFFHVV WUDQVIHU VXFFHVV DQG
EXVLQHVVVXFFHVV>@
7KHUHIRUH WKH DLP LV WKH LPSOHPHQWDWLRQ RI DSSURSULDWH
OHDUQLQJPHDVXUHPHQWVLQRUGHUWRHYDOXDWHWKHDGYDQWDJHVDQG
GLVDGYDQWDJHVRIVXFKDVROXWLRQ)LUVWDOOPHDVXUHPHQWVDUH
FRQVLGHUHGZLWKDVDPSOHRIVWXGHQWV$IWHUZDUGVHPSOR\HHV
DUHREVHUYHGLQWKHLQWHOOLJHQWOHDUQLQJIDFWRU\GXULQJWUDLQLQJ
VHVVLRQV$V SDUW RI WKH WUDQVIHUPHDVXUHPHQW LW LV FKHFNHG
ZKHWKHU WKH OHDUQHUV DUH FDSDEOH WR IXOILOO WKH VDPH
RSWLPL]DWLRQV ZLWKLQ WKH UHDO SURGXFWLRQ SURFHVVHV DV LQ WKH
OHDUQLQJ IDFWRU\ 7KH WUDQVIHU PHDVXUHPHQW HYDOXDWHV WKH
DSSOLFDWLRQRI DFTXLUHGNQRZOHGJH WRQHZDQG VOLJKWO\ RWKHU
SUREOHPVDVSDUWRIDMRERUDVHUYLFHWUDLQLQJ,WLVWKHWDUJHWWR
HYDOXDWHWKHXVHIXOQHVVDQGSUDFWLFDELOLW\RIWKHQHZO\FUHDWHG
WHDFKLQJOHDUQLQJHQYLURQPHQW
%HVLGHVWKHWUDQVIHUPHDVXUHPHQWLWLVSRVVLEOHWRH[DPLQH
ZKLFKJURXSRIOHDUQHUVSURILWVPRVWROGHURU\RXQJHUOHDUQHUV
ZRPHQ RUPHQ OHDUQHUVZLWK GLIIHUHQW OHYHOV RI NQRZOHGJH
)XUWKHUPRUH WKHPHWULFVDUH WREHGHYHORSHG WRHYDOXDWH WKH
UHDO V\VWHP DQG WKH YLUWXDO VLPXODWLRQ PRGHO 7KH PHWULFV
LQFOXGH ERWK D SHUIRUPDQFH PHDVXUHPHQW V\VWHP IRU WKH
PHWKRGVRIWKHPRGXODU³HQHUJ\DQGUHVRXUFHHIILFLHQWIDFWRU\´
DV ZHOO DV V\VWHPLQWHUQDO LQGLFDWRUV IRU HYDOXDWLQJ WKH
LQGLYLGXDO OHDUQLQJ SURJUHVV RI WKH OHDUQHUV 5HODWLRQVKLS
GLDJUDPVEHWZHHQWKHLQGLFDWRUVDUHXVHGDVDEDVLVIRUDGDSWLYH
FRQWURORIWKHOHDUQLQJPDQDJHPHQWV\VWHPDVZHOODVWROLQN
WKH VLPXODWLRQQDUUDWLYH IRU HYHQW FRQWURO WR WKH PRGHO
,QQRYDWLYH DQG QHZ LQGLFDWRUV PHDVXUH WKH SURJUHVV DQG
OHDUQLQJ VWUHVV RI WKH LQGLYLGXDO SDUWLFLSDQWV E\ ERG\ VWUHVV
VHQVRUVNQRZQIURPILWQHVVDSSOLFDWLRQV
7KLV DSSURDFK ZLOO DOORZ DQ HYDOXDWLRQ RI WKH OHDUQLQJ
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SURJUHVV DQG NQRZOHGJH WUDQVIHU UHVXOWV >@7RPHDVXUH WKH
JURZWKRIFRPSHWHQFHVDQGWKHWUDQVIHUHVWDEOLVKHGVFDOHVDUH
XVHGOLNHWKH*HUPDQYHUVLRQRIWKHLearning Transfer System 
Inventory>@RUWKHCompetence Reflection Inventory>@DV
ZHOO DV WKH VHOIGHVFULSWLRQ RI WKH OHDUQHUV >@ DV D SUHSRVW
LQWHUYHQWLRQZLWKDIROORZXSVL[PRQWKODWHU
4.5. Learning management system (LMS) 
7KHDGDSWLYH/06SURYLGHVWKHLQWHUIDFHWRWKHLQGLYLGXDO
OHDUQHU DQG WKH YLUWXDO LPDJH RI WKH IDFWRU\ HQYLURQPHQW
'HSHQGLQJRQWKHOHDUQLQJREMHFWLYHRIWKHFRPSRVLWLRQRIWKH
OHDUQHUV WKH GHJUHH RI FRPSOH[LW\ RI WKH JDPH VLWXDWLRQ
JDPLILFDWLRQ LV VHOHFWHG E\ YDULDEOH VFHQDULRV ZKLFK DUH
PLUURUHGRQWKHYLUWXDOPRGHOLQWKHOHDUQLQJHQYLURQPHQW
'XH WR WKH KHWHURJHQHRXV FRPSRVLWLRQ NQRZOHGJH
FDSDFLW\ PRWLYDWLRQ RI OHDUQHUV DQ LQGLYLGXDO OHDUQLQJ
SURJUHVV ZLOO VHWWOH ZLWKLQ WKH JURXS RI OHDUQHUV GXULQJ WKH
FODVVHVRUVHPLQDUV
7KLV LQGLYLGXDO SURJUHVVPXVW EH UHFRUGHG DQG HYDOXDWHG E\
VHQVRU\PHDQVHJVWUHVVVHQVRUVRUEHKDYLRUWUDFNLQJDQGE\
WUDFNLQJWKHIHHGEDFNEHKDYLRULQSXWVDQGDFWLRQVZLWKLQWKH
SK\VLFDO V\VWHP 'HSHQGLQJ RQ WKH GHWHFWHG LQGLYLGXDO
OHDUQLQJ SURJUHVV WKH UROHEDVHG FRPSOH[LW\ RI WKH EXVLQHVV
JDPH VLWXDWLRQ LV DGMXVWHG E\ WKH DGDSWLYH OHDUQLQJ
PDQDJHPHQWV\VWHP7KLVZD\WKHLQGLYLGXDOOHDUQHUPD\EH
DSSURSULDWHO\HQFRXUDJHGDQGSURPRWHG3DUWRIWKHPHDQVRI
FRPPXQLFDWLRQZLWK WKH OHDUQHU WRHQFRXUDJH UHPHGLDWH DQG
SURPRWHKLPRUKHULVDFOLHQWDSSOLFDWLRQIRUOHDUQHUVWRUHFRUG
WKHLU OHDUQLQJ SURJUHVV DQG WR OHDG WKH OHDUQHU WKURXJK D
VLPXODWLRQQDUUDWLYH


)LJ&RQFHSWRIWKHLQWHOOLJHQWOHDUQLQJIDFWRU\
7KHJDPHEDVHGQDUUDWLYHLVGHYHORSHGWDNLQJLQWRDFFRXQW
WKHPHWKRGRORJLFDOWRRONLWDQGWKHLPSOHPHQWDEOHWHFKQLFDODQG
RUJDQL]DWLRQDOPHDVXUHV RI WKH SK\VLFDO VHWXS 7KH QDUUDWLYH
SXWV WKH OHDUQHU LQ WKH VLWXDWLRQ RI D UHDOLVWLF LQGXVWULDO
HQYLURQPHQWV)HDWXUHG FRQWHQWVRI WKHQDUUDWLYH DUH WKH UHDO
SURGXFWLRQUHIHUHQFHDVZHOODVWKHSRVVLELOLW\RIDUROHUHYHUVDO
FKDQJHRISHUVSHFWLYH
7KH WHDFKHUV DUH WKXV JLYHQ FRQGLWLRQV WR FDUU\ RXW D
VLWXDWLRQEDVHG VHOHFWLRQ RI VFHQDULRV ZLWKLQ WKH OHDUQLQJ
HQYLURQPHQW DQG WKH FRPSRVLWLRQ RI WKH OHDUQHUV E\ UROH
UHYHUVDO7KHVFHQDULREDVHG WULJJHULQJRIHYHQWVFDQHQDEOH
H[WHUQDOO\ FRQWUROOHG FRQGLWLRQV IRU H[DPSOH FXVWRPHU
UHTXLUHPHQWVHFRQRPLFGHYHORSPHQWVDQG WHFKQLFDO IDLOXUHV
RQ WKH OHDUQLQJ V\VWHP 7KH VLPXODWLRQ LPDJHV WKH SK\VLFDO
SURGXFWLRQ VHWXS DV ZHOO DV WKH YLUWXDO VXUURXQGLQJ IDFWRU\
EXLOGLQJWHFKQLFDOEXLOGLQJVHUYLFHVVXSSO\FKDLQFXVWRPHUV
VXSSOLHUVDQGH[WHQVLRQVRIWKHSURGXFWLRQVHWXSZRUOGWKXV
HQDEOLQJDYLUWXDOGULYHQEURDGHQLQJRIKRUL]RQVLQ WKHJDPH
VLWXDWLRQ7KHUHDOLVWLFQDUUDWLYHHQVXUHVWKDWDWUDQVIHUDELOLW\WR
LQGXVWULDOZRUNHQYLURQPHQWLVFDUULHGRXWE\WKHOHDUQHU
,PSOHPHQWDWLRQLQLQGXVWU\DQGDFDGHPLD
7KHUHTXLUHPHQWVDQGUHVHDUFKREMHFWLYHVKDYHEHHQGHULYHG
GLUHFWO\ IURP WKH UHTXLUHPHQWV RI LQGXVWULDO DQG DFDGHPLF
DSSOLFDWLRQVRUWUDLQLQJIDFLOLWLHV,QWKHUHTXLUHPHQWVDQDO\VLV
LW ZDV WKH WDUJHW WR GHULYH WKH VSHFLILFDWLRQV RI LQQRYDWLYH
DOWHUQDWLYH WHDFKLQJ DQG OHDUQLQJ V\VWHPV 7KH UHTXLUHPHQW
VSHFLILFDWLRQLVFDUULHGRXWIRUWZRGHPRQVWUDWRUVDXWRPRWLYH
LQGXVWU\FDUERG\DVVHPEO\DQGXQLYHUVLW\WHDFKLQJHQHUJ\
HIILFLHQW SURGXFWLRQ V\VWHPV 7KH UHODWHG UHTXLUHPHQW
PDQDJHPHQWLVGRQHLQWKHNQRZQ9PRGHORIDGHYHORSPHQW
SURFHVVHV LQRUGHU WRUHVSRQGWR WKHIRUPXODWHGUHTXLUHPHQWV
DQGREMHFWLYHVRIWKHVWDNHKROGHUVGXULQJWKHHQWLUHGXUDWLRQRI
WKH GHYHORSPHQW SURMHFW &HQWUDO REMHFWLYH RI WKH XQLYHUVLW\
WHDFKLQJFDVHLVWRHGXFDWHHQJLQHHULQJVWXGHQWVIURPGLIIHUHQW
HQJLQHHULQJGLVFLSOLQHVDQGVNLOOOHYHOLQRQHFRPPRQOHDUQLQJ
WHDFKLQJ HQYLURQPHQW DW WKHLU LQGLYLGXDO ORDG OHYHO ZLWKRXW
FRPSURPLVLQJ WKH QHFHVVDU\ ORDG RQ WKH WHDFKHU $ EHWWHU
SHUFHSWLYLW\RIWKHOHDUQHULVWREHDFKLHYHGE\DPXOWLVHQVRU\
IHHGEDFNDQGDVFHQDULREDVHGDGDSWLYHOHDUQLQJREMHFWLYHV,Q
WKHLQGXVWU\FDVHWKHFKDQJHRIUROHVWKHGHPRJUDSKLFFKDQJH
DQG WKH GLIIHUHQWLDWHG VNLOO DQG PRWLYDWLRQDO OHYHOV DUH
DGGUHVVHG SULPDULO\ %\ LQGLYLGXDO OHDUQLQJ REMHFWLYHV DQG
DGDSWLYH FRPSOH[LW\ OHYHOV RI LQGLYLGXDO RU JURXS WDVNV DQ
LQWHUGLVFLSOLQDU\FRPPXQLFDWLRQDQGLVIRVWHUHGDQGWDUJHWHGLQ
H[WHQVLRQWR WKHWDUJHWHGRXWFRPHVRI WKHXQLYHUVLW\ WHDFKLQJ
FDVH 6XEVHTXHQWO\ WKH LPSOHPHQWDWLRQ RI UHVHDUFK DQG
GHYHORSPHQW UHVXOWV LQ WKH LQGXVWULDO DQG DFDGHPLF OHDUQLQJ
IDFWRU\ HQYLURQPHQW LV GRQH LQ SDUDOOHO 7KH VXEVHTXHQW
DSSOLFDWLRQ DQG HYDOXDWLRQ LQ WKHGHPRQVWUDWRU HQYLURQPHQWV
ZLOODOVREHFDUULHGRXWVHSDUDWHO\ZLWKSDUWLFLSDQWJURXSVIURP
LQGXVWU\DQGZLWKSDUWLFLSDQWVIURPXQLYHUVLW\VWXGHQWV
2XWORRN
:LWKLQ WKHSDSHU WKHDXWKRUVSUHVHQWDJHQHUDO IUDPHZRUN
DQGDSSURDFKRIDQDGDSWLYHWHDFKLQJDQGOHDUQLQJHQYLURQPHQW
IRU LQGXVWU\ WUDLQLQJ DQG DFDGHPLF HQJLQHHULQJ HGXFDWLRQ
:LWKLQWKHSXEOLFDOO\IXQGHGWKUHH\HDUSHULRGRIWKHUHVHDUFK
SURMHFWWKLVDSSURDFKZLOOEHIXUWKHUGHWDLOHGILQDOO\GHYHORSHG
DQGGHVLJQHGDVDIXQFWLRQDOVRIWZDUHKDUGZDUHSURWRW\SH7KH
IXQFWLRQDO SURWRW\SH V\VWHPZLOO EH WHVWHGZLWK DQ LQGXVWULDO
DQG DQ DFDGHPLF WHVW JURXS DQG ZLOO EH EHQFKPDUNHG ZLWK
UHIHUHQFH JURXSV XVLQJ FRQYHQWLRQDO WHDFKLQJ DQG OHDUQLQJ
V\VWHPV IRU WKH VDPH WDVN ,Q VXFFHHGLQJ SXEOLFDWLRQV WKH
GHYHORSPHQWVWHSVDQGLQWHUPHGLDWHHYDOXDWLRQUHVXOWVZLOOEH
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GHVFULEHGLQGHWDLO,QWKHHQGRIWKHIXQGHGUHVHDUFKSURMHFWLW
ZLOOKDYHWREHSURYHQWRZKDWFRQWHQWWKHFRPSHWHQFLHVRIWKH
OHDUQHUVFRXOGEHLPSURYHGZLWKWKHVDPHRUVKRUWHUSHULRGVRI
WLPH DQG FRXOG EH UHWDLQHG ORQJWHUP LQ FRPSDULVRQ WR WKH
UHIHUHQFHJURXSV7KHEHWWHU OHDUQLQJH[SHULHQFH LVHYDOXDWHG
E\SUDFWLFDO WHVW LPPHGLDWHO\DIWHUZRUNLQJZLWK WKH OHDUQLQJ
IDFWRU\DQGDIWHUVL[PRQWKVLQZKLFKWKHNQRZOHGJHRUQHZ
VNLOOVKDYHWREHDGDSWHGLQDVLPLODUDFWLRQDQGSUREOHPDUHDV
%RWK VNLOOV DFTXLVLWLRQ DQG H[SDQVLRQ DV ZHOO DV WUDQVIHU
TXDOLW\FDQEHDVVHVVHG$WWKHVDPHWLPHWKHHIIRUWIRUWHDFKLQJ
DQGWKHVXSHUYLVRU\LQWHQVLW\ZLOOKDYHWRVKRZWREHUHGXFHG
VLJQLILFDQWO\ 7KH LQGXVWULDO DSSOLFDWLRQ FDVH UHSUHVHQWV LQ
FRQWUDVWWRWKHDFDGHPLFHQJLQHHULQJHGXFDWLRQFDVHDIDUPRUH
GLIILFXOW VHWWLQJ DV WKH OHDUQHUV¶ FRPSRVLWLRQ LV SDUWLFXODUO\
PRUH KHWHURJHQHRXV 7KLV LQFOXGHV WKH DJH WKH HGXFDWLRQDO
EDFNJURXQGVNLOOOHYHOOHYHORIH[SHUWLVHDQGUDQNRUUROH7KH
GLYHUVH IHDWXUHV PDNH LW SRVVLEOH WR WU\ RXW WKH LQWHOOLJHQW
OHDUQLQJIDFWRU\DORQHDVZHOODVLQVXSSRUWIRUWKHLQGLYLGXDO
OHDUQLQJUDWHGLIIHUHQWOHYHORINQRZOHGJHGLIIHUHQWOHDUQLQJ
W\SHV RI WKH XVHUV KDSWLF YLVXDO DQG DXGLWRU\ DQG VHYHUDO
WDUJHWJURXSVROGHUXVHUZRPHQLQWHFKQLFDOMREVQRQQDWLYH
VSHDNHU7KHLQWHOOLJHQWWHDFKLQJOHDUQLQJV\VWHPZLOOEHDEOH
WRDGGUHVVDOO OHDUQHUVZLWKLQWKLVKHWHURJHQHRXVFRPSRVLWLRQ
LQRQHFODVVDWWKHVDPHWLPH
$FNQRZOHGJHPHQWV
7KH LQWURGXFHG UHVHDUFK SURMHFW ,/HK/H  ³7KH OHDUQLQJ
OHDUQLQJ IDFWRU\ ± DQ LQWHOOLJHQW WHDFKLQJ DQG OHDUQLQJ
HQYLURQHPQW IRU HQHUJ\ DQG UHVRXUFH HIILFLHQF\´ UHIHUHQFH
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